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DURATION 
 
Reading Time: 10 minutes 
Writing Time: 180 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 
The examination has FIVE questions. Please answer ALL questions. 
Note that all questions are of equal value. 
The total marks of this examination are 50 marks. 
 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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Question 1: (8 marks) 
A 4mm-thick aluminium plate (made by pure aluminium) is mounted in a horizontal 
position and its bottom surface is well insulated. A special, thin coating is applied to the top 
surface such that it absorbs 80% of any incident solar radiation, while having an emissivity 







(a) Consider the conditions for which the plate is at a temperature of 25°C and its top 
surface is suddenly exposed to ambient air at T∞ = 20°C and solar irradiation of 0.9 
kW/m
2
. The convection heat transfer coefficient between the surface and the air is h 
= 20 W/m
2
K. What is the initial change rate of the plate temperature (i.e. dT/dt)? 
(b) What will be the equilibrium temperature of the plate when steady-state conditions 
are reached? 
[Hint: It is reasonable to assume: (1) Negligible end effects, (2) Constant properties, (3) 






Question 2: (8 marks) 
A hole of diameter D = 0.25m is drilled through the center of a solid block of square cross 
section either w = 1m on a side. The hole is drilled along the length, L = 2m, of the block, 
which has a thermal conductivity of k = 145W/m K. The four outer surfaces are exposed to 
ambient air, with T∞,2 = 25°C and h2 = 3.5W/m
2
K, while hot oil flowing through the hole is 
characterized by T∞,1 = 300°C and h1 = 55W/m
2
K. Determine the (a) corresponding heat rate 
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Question 3: (8 marks) 
Carbon steel (AISI 1010) shafts of 0.1m diameter are heat treated in a gas-fired furnace 
whose gases are at 1200K and provide a convection coefficient of 100W/m
2
K. If the shafts 
enter the furnace at 300K, how long must they remain in the furnace to achieve a centreline 
temperature of 850K? 





Question 4: (10 marks) 
On a cool day in April a scantily clothed runner is known to lose heat at a rate of 500 W because 
of convection to the surrounding air at T∞ = 10 °C. The runner’s skin remains dry and at a 
temperature of Ts = 30 °C. Three months later, in warmer weather, the runner is moving at the 
same speed, but the day is warm and humid with a temperature of T∞ = 30 °C and a relative 
humidity of φ∞ = 60 %. The runner is now drenched in sweat and has a uniform surface 
temperature of 35 °C.  
Under both conditions, constant air properties may be assumed with υ = 1.6 x 10-5 m2/s, k = 





(a) What is the rate of water loss due to evaporation on the warmer day?  
(b) What is the total convective heat loss on the warmer day?  
[Hint: (1) Heat and mass transfer analogy is applicable. (2) for Case 1 surface evaporation can 
be ignored, (3) Constant properties, (4) Water vapor is saturated for Case 2 surface and may be 






Question 5: (8 marks) 
Atmospheric air enters a 10-m-long, 150-mm-diameter uninsulated heating duct at 60°C and 
0.04 kg/s. The duct surface temperature is approximately constant at Ts = 15 °C.  
What are (a) the outlet air temperature, (b) the heat rate q, and (c) the pressure drop Δp for 
these conditions?  
 
[Hint: assume that (1) Idea gas with negligible viscous dissipation and pressure variation, (2) 
Constant properties, (3) Uniform surface temperature, (4) Fully developed flow conditions.] 
 
For fully developed flow, it has been derived that,  
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Question 6: (8 marks) 
One-dimensional, steady-state conduction with uniform internal energy generation occurs in 
a plane wall with a thickness of 50mm and a constant thermal conductivity of 5W/m K. For 
these conditions, the temperature distribution has the form, T(x) = a + bx + cx2. 
The surface at x=0 has a temperature of T(0) ≡ T0 = 220
oC and experiences convection 
with a fluid for which T∞ = 20
oC and h=500W/m2K. The surface at x=L is well insulated. 
 
a) Applying the overall energy balance to the wall, calculate the internal energy 
generation rate ?̇? 
b) Determine the coefficients a, b, and c by applying the boundary conditions to the 
prescribed temperature distribution. Use the results to calculate and plot the 
temperature distribution (graph paper is provided in next page, page 6). 
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